Background Modular revision femoral components allow the surgeon to make more precise intraoperative adjustments in anteversion and sizing, which may afford lower dislocation rates and improved osseointegration, but may not offer distinct advantages when compared with less expensive monoblock revision stems. Questions/purposes We compared modular and monoblock femoral components for revision of Paprosky Type I
to IIIA femoral defects to determine (1) survivorship of the stems; and (2) complications denoted as intraoperative fracture, dislocation, or failure of osseointegration. Methods Between 2004 and 2010, participating surgeons at three centers revised 416 total hip arthroplasties (THAs) with Paprosky Type I to IIIA femoral defects. Of those with minimum 2-year followup (343 THAs, mean followup 51 ± 13 months), 150 (44%) were treated with modular stems and 193 (56%) were treated with monoblock, cylindrical, fully porous-coated stems. During this time, modular stems were generally chosen when there was remodeling of the proximal femur into retroversion and/or larger canal diameters (usually [ 18 mm). A total of 27 patients died (6%) with stems intact before 2 years, 46 THAs (13%) were lost to followup before 2 years for reasons other than death, and there was no differential loss to followup between the study groups. The modular stems included 101 with a cylindrical distal geometry (67%) and 49 with a tapered geometry (33%). Mean age (64 versus 68 years), percentage of women (53% versus 47%), and body mass index (31 versus 30 kg/m 2 ) were not different between the two cohorts, whereas there was trend toward a slightly greater case complexity in the modular group (55% versus 65% Type 3a femoral defects, p = 0.06). Kaplan-Meier survivorship was calculated for the endpoint of Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Clinical Orthopaedics and Related Research 1 neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDAapproval status, of any drug or device prior to clinical use. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. Conclusions Although rerevisions were less common in patients treated with modular stems, aseptic complications such as intraoperative fractures were more common in that group, and the sample was too small to evaluate corrosionrelated or fatigue concerns associated with modularity. We cannot therefore conclude from this that one design is superior to the other. Larger studies and pooled analyses will need to be performed to answer this question, but we believe modularity should be avoided in more straightforward cases if possible. Level of Evidence Level III, therapeutic study.
Introduction
It has been estimated that the number of revision THAs performed annually in the United States will reach approximately 100,000 by 2030 [10, 11] . As of 2006, hip and knee arthroplasty accounted for 8.5% of the expenditures for the Center for Medicare & Medicaid Services, double the next largest category (cardiac surgery). Given the current climate for healthcare delivery, providers have a responsibility to define which hip implants carry the most value. Both modular and nonmodular cementless stems that engage the diaphysis are in use for femoral revision, but it is unclear whether modular stems provide any distinct advantage that justifies their cost when used in simpler femoral revisions.
Modular implants in femoral revision surgery have proven effective through the first decade of in vivo service [2, 5, 7, 8, 15, 16] . These modular implants were popularized on the concept of improved ''fit and fill.'' It was espoused that modularity would allow matching of both the intraosseous as well as the extraosseous portions of the femoral reconstruction. This is important in the revision setting where remodeling, often into varus and retroversion, creates metaphyseal-diaphyseal mismatches. The expectation was that improved ''fit and fill'' would allow for a higher likelihood of osseointegration, a lower risk of intraoperative fracture, and fewer dislocations (through optimal sizing, offset, and anteversion) when compared with the previous generation of monoblock revision femoral implants. However, there are disadvantages to modularity including risks of mechanical failure and corrosion [3, 7, 8] . These implants are also generally more expensive than nonmodular components and, perhaps most importantly, may simply not be necessary for more straightforward revisions, which we consider as Paprosky Types I to IIIA femoral defects [19] . We specifically selected these femoral defects because both monoblock and modular stems have been successfully used for these less severe femoral defects, but it is not known whether either possesses distinct advantages. In higher grade femoral defects (3b or 4) when less than 4 cm of isthmus is available for distal fixation, a higher rate of failed osseointegration has been demonstrated with monoblock cylindrical femoral components, and other methods of reconstruction are recommended [18] .
We therefore compared modular and monoblock femoral components for revision of Paprosky Types I to IIIA femoral defects to determine (1) survivorship of the stems; and (2) complications denoted as intraoperative fracture, dislocation, or failure of osseointegration.
Patients and Methods
Between 2004 and 2010, participating surgeons at three centers revised 416 THAs with Paprosky Types I to IIIA femoral defects. Of those with minimum 2-year followup (343 THAs, mean followup 51 ± 13 months), 150 (44%) were treated with modular stems and 193 (56%) were treated with monoblock, cylindrical, fully porous-coated stems and compared in this retrospective study. During this time, modular stems were generally chosen when there was remodeling of the proximal femur into retroversion and/or larger canal diameters (usually[18 mm). However, during this time, there was some selection bias based on surgeon preference, because most of the monoblock stems (192 of 193 [99%]) came from a single institution (Rush). The proportions of modular stems at each site were 70 of 150 (47%) at Massachusetts General Hospital, 38 of 150 (25%) at Rush, and 42 of 150 (28%) at Stanford (p = 0.01). All operations were performed through a posterior approach by three fellowship-trained surgeons from each institution.
In the monoblock cohort, 25 of the 193 hips were lost to followup (13%) and 21 died before 2 years; of those who died, none were known to have been revised before death. In the modular group, 21 of 150 (14%) were lost with less than 2 years of followup, and six others died (likewise, all without revision). The remaining 193 monoblock and 150 modular THAs were analyzed at a minimum of 2 years followup (mean, 51 ± 13 months; range, 2-11.1 years). Mean followup was 47 ± 12 months in the monoblock group and 56 ± 15 months in the modular group (p \ 0.001). Each center's institutional review board approved the study.
Reasons for revision varied ( Nephew) . In the monoblock cohort, there were 37 of 193 (19%) hips with a femoral head size of 32 mm or less. In the modular cohort, there were 62 of 150 (41%) with head size 32 mm or less (p = 0.01) ( Table 2) .
When comparing the two cohorts, the mean age of the patients was 64 ± 5 years in the monoblock group and 68 ± 7 years in the modular group (p = 0.15). There were 91 of 193 (47%) men in the monoblock group and 80 of 150 (53%) men in the modular group (p = 0.26). Mean body mass indices were 31± 6 kg/m 2 in the monoblock cohort and 30 ± 5 kg/m 2 in the modular cohort (p [ 0.05).
Each patient was reviewed for the presence of other aseptic complications, including periprosthetic fracture, dislocation events, and repeat revision surgery. Radiographs to determine both Paprosky defect and femoral component osseointegration [3, 4] were reviewed by two or three reviewers at each site. Discrepancies between reviewers were classified by the majority or the attending surgeon (JIH, SBG, CJDV, HB, or SMS). We did not perform an analysis for intraobserver or interobserver differences. There was a trend toward increasing complexity of the femoral revision (65% versus 55% Type 3a; p = 0.06) in the modular cohort compared with the modular group (Table 3) .
Data were compared with the Fisher's exact test (failures of osseointegration) and Pearson chi-square tests. Kaplan-Meier survivorship analysis was performed. The total number of aseptic complications was compared using logistic regression. Power analysis, assuming an a = 0.05, was based on the aggregate rates of dislocation, failure of osseointegration, and intraoperative fracture and yielded b = 0.86. It was determined that a sample size of 136 cases in each group would be required to detect a clinically significant difference (20% reduction) in the aggregate rate of aseptic complications (intraoperative fracture, dislocation, and failure of osseointegration) between the two groups.
Results
Femoral component survival free from aseptic rerevision was greater in the modular group with 91% survival (95% confidence interval [CI], 89%-95%) at 9 years compared with 86% survival (95% CI, 83%-88%) for the monoblock group in the same timeframe (Fig. 1 ). There were more repeat aseptic femoral revisions in the monoblock cohort with 9% (17 of 193) versus 5% (eight of 150) (odds ratio [OR], 1.80; 95% CI, 1.39-2.57; p = 0.03; Table 4 ). There were more total repeat femoral revisions (septic and aseptic) in the monoblock cohort (27 of 193 [14%] versus 10 of 150 [7%]; OR, 2.01; 95% CI, 1.63-2.57; p = 0.03; Table 4 ). Additional aseptic revisions included two femoral implant fractures in the modular group (at the junction of the stem and body), two monoblock components for periprosthetic fracture (neither femoral implant was loose), one monoblock implant for mechanically assisted crevice corrosion at the trunnion, and one additional monoblock implant to facilitate acetabular exposure at the time of repeat revision. There was not a difference in the proportion of aseptic complications in the monoblock group (30 of 193 [16%]) compared with the modular group (34 of 150 [23%]; OR, 1.47; 95% CI, 0.86-2.53; p = 0.10; Table 5 ). This included more intraoperative fractures in the modular cohort (17 of 150 [11%] versus nine of 193 [5%]; OR, 2.2; 95% CI, 1.68-2.73; p = 0.02). A single trochanteric fracture occurred in the monoblock group and five trochanteric fractures occurred in the modular group. Femoral shaft fractures occurred in eight of the monoblock patients and 12 of the modular patients (p = 0.13). Of the 12 intraoperative shaft fractures in the modular cohort, there was not a difference in the proportion of fractures seen in tapered compared with cylindrical distal geometries (seven versus five, p = 0.21). There were nine postoperative periprosthetic fractures in the monoblock group (5%, six Paprosky IIIA and two Paprosky II) compared with seven in the modular group (5%, five Paprosky IIIA and two Paprosky II), resulting in revision of two of the monoblock femoral components. Neither one of these femoral implants was loose. There was not a difference in the proportion of patients that sustained a dislocation (13 of 193 [7%] in the monoblock cohort versus 14 of 150 [9%]) in the modular cohort (OR, 0.96; 95% CI, 0.67-1.16; p = 0.48). Five patients in the monoblock cohort underwent rerevision for recurrent instability. Three patients in the modular cohort were rerevised for recurrent instability. All revisions for instability entailed combinations of modular head exchange, modular liner exchange, and/or entire socket exchange. There was not a difference in the proportion of stems that osseointegrated (eight of 193 [4%] monoblock stems versus three of 150 [2%] modular stems; OR, 1.92; 95% CI, 0.88-2.84; p = 0.19).
Discussion
Modular femoral components offer many potential theoretical advantages over monoblock components in femoral revision surgery. It is plausible that the opportunity to independently optimize hoop stresses proximally and distally with modular components would yield fewer intraoperative fractures and higher rates of osseointegration compared with monoblock components. One might also expect that a surgeon's ability to better adjust femoral component anteversion in modular components would yield lower dislocation rates compared with monoblock components. We sought to determine whether there were differences in survivorship or common mechanically relevant complications between modular and nonmodular femoral components when used for Paprosky Type I to IIIA femoral revisions.
This study has several limitations. First, the lack of randomization introduces potential selection bias. Almost all the monoblock stems were placed by two surgeons at one of the institutions. Although all surgeons who participated in this study are skilled using both monoblock and modular implants, it is possible that surgeon experience could have affected our results in either direction. A randomized controlled trial would have been better to compare these two types of revision femoral components. However, randomized trials involving large numbers of patients requiring revision surgery are complex and costly undertakings. Second, a total of 19% of patients were lost to followup (6% died and 13% lost). It is unclear how this influenced our results, but the percentage of patients lost in each group was similar. Third, because this was a multicenter study, certain important variables such as femoral head size and grade of femoral defect were different among the groups and this may have affected some of our measured outcomes. Multiple surgeons performed the procedures with varying levels of experience, although all were experienced fellowship-trained arthroplasty surgeons. Although general demographics were similar, we did not account for comorbidities, and infection rates may also vary between institutions, which could influence the frequency of septic revisions. Fourth, although our sample size was large compared with many of the series reported in the literature of revision femoral components, we still may have been underpowered to detect smaller differences in some of the outcomes reported such as the rate of dislocation or complications associated with modularity (eg, stem breakage and adverse local tissue reaction). However, the study was powered appropriately for the primary outcome, the overall rate of mechanically relevant complications (intraoperative fracture, dislocation, and failure of osseointegration). Fifth, numerous variables were not considered that may have influenced our results. These include acetabular component positioning (dislocation), bone quality (fracture), and various patient factors that increase the risk, complexity, or time spent in the procedure. However, it is difficult to control or account for every variable in revision surgery and our intent was to compare these stem designs for survivorship and certain common complications. Lastly, nearly all the implants used in this study were made by a single manufacturer. It is unclear if the outcomes would be different if stems from a different manufacturer were compared [6] .
The data yielded higher rates of reoperation in the monoblock cohort for all reasons as well as for aseptic causes alone. This is clinically important given the cost and morbidity associated with reoperation, especially in the revision hip patient population. This was predominantly driven by the higher rate of both failed osseointegration as well as a higher rate of infection in the monoblock group, the reasons for which are unclear. The survivorship rates in this study are comparable to early and midterm rates ranging from 86% to 99% reported previously for modular and nonmodular stems [1, 9, 12-14, 17, 20] . Concerns regarding the use of modular femoral components include mechanically assisted crevice corrosion at the taper junction of the proximal body and distal stem as well as implant fracture at this same junction [17] . Two patients in the modular cohort sustained femoral implant fracture in the setting of compromised proximal bone stock. Concerns regarding mechanically assisted crevice corrosion have not been evident clinically at the current duration of followup in this cohort. Interestingly, one patient in the monoblock cohort required rerevision for mechanically assisted crevice corrosion at the head-neck junction [3] .
Given the opportunity to match metaphyseal and diaphyseal sizing with modular prostheses, we anticipated a lower rate of intraoperative fracture in this cohort. The higher rate of fractures seen in the modular cohort could be explained by differences in surgical technique (amount of underreaming, in vivo assembly of the modular femoral prosthesis versus assembly ''on the back table,'' etc). Specifically, if distal and proximal sizing are optimized with the trial, it may be that the inevitable failure of the real prosthesis to sit in exactly the same orientation as the trial results in hoop stresses above the threshold for fracture. The proximal and distal ''fit and fill'' with a monoblock prosthesis may be less optimal than with a modular construct, and the difference in the final position of the real implant compared with the trial may be better tolerated with a monoblock implant. The rates of intraoperative fractures seen in the current study are comparable to previous reports ranging from 2% to 30% for both monoblock as well as modular cylindrical and tapered designs [1, 9, 12-14, 17, 20] . The distal geometry of the stem (cylindrical versus tapered) and the variability in the complexity of the defects may have also influenced fracture rates as well. Based on the current literature, the type of distal stem design (cylindrical versus tapered) does not appear to have a significant influence of the rate of intraoperative femur fracture [1, 9, [12] [13] [14] 17] .
In conclusion, although rerevisions were less common in patients treated with modular stems, aseptic complications such as intraoperative fractures were more common in that group, and the sample was too small to evaluate corrosionrelated or fatigue concerns associated with modularity, so we cannot conclude from this that one approach is superior to the other. Larger studies and pooled analyses will need to be performed to answer this question, but we believe in general that modular prostheses should be avoided in femoral revisions of this type if possible.
